Reduced ribosomal binding of eukaryotic elongation factor 2 following ADP-ribosylation. Difference in binding selectivity between polyribosomes and reconstituted monoribosomes.
The biological activity of elongation factor 2 (EF-2) following NAD+ - and diphtheria-toxin-dependent ADP-ribosylation was studied (i) in translation experiments using the reticulocyte lysate system and (ii) in ribosomal binding experiments using either reconstituted empty rat liver ribosomes or programmed reticulocyte polysomes. Treatment of the lysates with toxin and NAD+ at a NAD+/ribosome ratio of 4 resulted in a 90% inhibition of the amino acid incorporation rate. The inhibition was overcome by the addition of native EF-2. At this level of inhibition more than 90% of the EF-2 present in the lysates was ADP-ribosylated and the total ribosome association of EF-2 was reduced by approx. 50%. All of the remaining unmodified factor molecules were associated with the ribosomes, whereas only about 3% of the ribosylated factor was ribosome-associated. The nucleotide requirement for the binding of EF-2 to empty reconstituted rat liver ribosomes and programmed reticulocyte polysomes was studied together with the stability of the resulting EF-2 X ribosome complexes using purified 125I-labelled rat liver EF-2. With both types of ribosomes, the complex formation was strictly nucleotide-dependent. Stable, high-affinity complexes were formed in the presence of the non-hydrolysable GTP analogue guanosine 5'-(beta, gamma-methylene)triphosphate (GuoPP[CH2]P). In contrast to the reconstituted ribosomes, GTP stimulated the formation of high-affinity complexes in the presence of polysomes, albeit at a lower efficiency than GuoPP[CH2]P. The formation of high-affinity complexes was restricted to polysomes in the pretranslocation phase of the elongation cycle. Low-affinity post-translocation complexes, demonstrable after fixation, were formed in the presence of GTP, GuoPP[CH2]P and GDP. In polysomes, these complexes involved a different population of particles than did the high-affinity complexes. In the binding experiments using reconstituted or programmed ribosomes, the pretranslocation binding of EF-2 observed in the presence of GuoPP[CH2]P was reduced by approx. 50% after ADP-ribosylation, whereas the post-translocation binding in the presence of GDP was unaltered. The data indicate that the inhibition of translocation caused by diphtheria toxin and NAD+ is mediated through a reduced affinity of the ADP-ribosylated EF-2 for binding to ribosomes in the pretranslocation state.